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Abstract 
A method to generate carbonylic compounds from alkynes under mild and neutral 
conditions, with excellent functional group compatibility and high yields, is described. 
Hydration takes place under catalytic conditions by using from 0.1 to 0.2 equivalents of 
the easily available and inexpensive mercury(II) p-toluensulfonamidate in a 
hydroalcoholic solution. After use the catalyst is inertized and/or recycled. 
 
Supplemental materials are available for this article. Go to the publisher’s online edition 
of Synthetic Communications® to view the free supplemental file. 
 
KEYWORDS: Acetylene / Carbonylic compounds / Catalyst / Hydration / Mercury(II) 
p-Toluensulfonamidate / Regioselectivity / Stereoselectivity 
 
1. INTRODUCTION 
The addition of water to alkynes to obtain carbonyl compounds is a very useful reaction 
in organic chemistry.[1] The traditional methods based on mercury(II) catalysts[2] hydrate 
D
ow
nl
oa
de
d 
by
 [U
niv
ers
ity
 of
 B
arc
elo
na
] a
t 0
7:5
1 2
2 J
an
ua
ry
 20
13
 
ACCEPTED MANUSCRIPT 
ACCEPTED MANUSCRIPT 
2
internal and terminal alkynes to give the Markovnikov adduct. Usually and acid is 
required to form the carbonyl product in this typical methods. The use of an acid 
considerably reduces the functional group compatibility and narrows the scope of the 
methodology. When using a buffered system like mercury(II) triflate-TMU complex[3] a 
good functional group compatibility is observed, except for substrates containing acetal 
or benzyl groups.[4] 
 
Other methods have been reported that use catalysts based on gold(I),[5] gold(III),[6] 
platinum(II),[7] palladium(II),[8] rhodium (III)[9] and ruthenium(II)[10]to form the anti-
Markovnikov product. These are very efficient catalyst but the main disadvantage of 
these methods is the cost of the catalysts based on noble metals. 
 
 The present full paper reports a catalytic method under neutral conditions based on 
the inexpensive reagent mercury(II) p-toluensulfonamidate.[11]The efficiency of this 
reagent in the hydration of terminal alkynes has been proven by us, under stoichiometric 
conditions, for the total synthesis of 1,7-epoxycyclononanes[12]affording intermediate 
diketones in excellent yields (Table 1). Under these reaction conditions polymerization 
and epimerization of the substrates (especially at the alpha position of ketones) were 
avoided due the neutral and mild conditions used. 
 
Herein we report that mercury(II) p-toluensulfonamidate is a highly effective and 
inexpensive[13] catalyst with an excellent functional group tolerance for the hydration of 
terminal and internal alkynes, even with acetal or benzyl substrates. Furthermore we 
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report the chemoselective hydration of the most accessible alkyne group in some dialkyne 
substrates. On the other hand, the use of tiny catalytic amounts of this catalyst, together 
with its inertization and/or recovery, avoids possible toxic and /or environmental impacts. 
 
2. RESULTS AND DISCUSSION 
In our initial assays we worked under stoichiometric conditions of Hg(TsNH)2 with the 8-
oxabicyclo[3.2.1]octane substrates(Table 1). The main characteristic of thesesubstrates is 
the presence of a protected propargylic alcohol group and one stereocenter in α to the 
carbonyl group (on C-3), sensitive to epimerization. 
 
Upon treatment of 1 with 1.3 eq. of mercury(II) sulfonamidate in a (85:15) mixture of 
ethanol:water as a solvent for 24 h, the dicarbonyl product 2 was obtained in quantitative 
yield. It is important to note that the benzyl group (Table 1, entry 1) does not cleave at all 
upon the hydration reaction. Also the acetalic group methoxymethyl remains stable 
(Table 1, entry 4). Thus, the sensitive substrate 7 that contains the acetalic protecting 
group methoxymethyl (OMEM) was converted into 8 in quantitative yield. 
 
The methoxy and ethoxy substrates 3 and 5 also afforded the hydration products 4 and 6 
with high yields. Finally, the hydration reaction of 9 also gave the carbonylic product 10 
with high yield. 
 
In all these reactions the epimerization product at the α carbons of both ketone groups, in 
the final product, was not observed. However this problem was detected previously by us 
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working with other hydration methods that need the use of an acid (i.e HgSO4/H2SO4). 
Moreover, by working with Hg(TsNH)2 under neutral conditionsthe R group at the 
propargylic position was not cleaved at all. 
 
The next step in our project was to investigate how the reaction took place under catalytic 
conditions and the functional group compatibility (Table 2). Phenylacetylene11 reacted 
under catalytic conditions, using 0.1 eq of Hg(TsNH)2, to form acetophenone12 in 
excellent yield, which indicates that the electron delocalization of the triple bond towards 
the aromatic ring does not interfere in the reaction. Hydration of 1-heptyne 13 to afford 2-
heptanone 14 demonstrates that the reaction works with good yield for substrates with 
alkyl linear chains. A dialkyne substrate 15 was also dihydrated with 0.17 eq. into 2,7-
octadienone 16. Methyl ester 17,nitrile 19 and chloride 21 groupsdid not interfere with 
the catalytic cycle and completely converted into the ketone products 18, 20 and 
22,respectively. 
 
Due to the low solubility of substrates 23 and 27 in methanol, the reactions were carried 
out in (85:15) ethanol:water as a solvent. The hydration of both products gave 24 and 28 
in good yields. The dimethoxyacetal substrate 25 was efficiently converted into product 
26, without observing any degree of hydrolysis of this acid sensitive group, under these 
mild neutral conditions. Finally, alcohol 29 was converted into the ketone 30 in good 
yield, and no anchimeric influence of the hydroxyl group was observed on the yield and 
regioselectivity of the reaction. 
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 Most of substrates (Table 2) were also reacted with mercury(II) p-
toluensulfonamidate under stoichiometric conditions (1:1.3 eq.), with similar reaction 
times, conversions and yields. The reaction also converted substrates with internal C≡C 
bonds into carbonyl compounds (Table 3). Due to the characteristics of the catalyst, the 
selective hydration of the terminal alkyne group in front of the internal triple bonds is 
accomplished, under reflux conditions, on substrates in which one of the C≡C bonds is 
sterically hindered. This steric-controlled chemoselectivity could have interest in 
synthetic organic chemistry.  
 
The non-hindered dialkyne substrate 31 was used as a standard substrate and it was 
hydrated under catalytic conditions, to afford the dicarbonyl products 32 and 33 in a 1:1 
ratio. In this case, as expected, no chemoselectivity was observed, and both C≡C bonds 
were hydrated, but with complete regioselectivity for the terminal C≡C bond. 1,1,3-
Triphenylpropargyl alcohol 34 did not react under reflux of solvent even with 1.3 eq. of 
mercury(II) p-toluensulfonamidate, and even for long reaction times, due to the steric 
hindrance around the C≡C bond. The reaction conditions were forced by using 
microwave irradiation and then the hydration took place regioselectively, by insertion of 
the hydroxyl group on the carbon atom α to the aromatic ring. Product 35 was obtained 
and also the dehydration product 36 as a major product (in a ratio of 1:6), due to 35 is a 
β-hydroxyketone that dehydrates to afford the highly conjugated α,β-unsaturated ketone 
36.  
 
D
ow
nl
oa
de
d 
by
 [U
niv
ers
ity
 of
 B
arc
elo
na
] a
t 0
7:5
1 2
2 J
an
ua
ry
 20
13
 
ACCEPTED MANUSCRIPT 
ACCEPTED MANUSCRIPT 
6
Then, this hydration methodology was studied for substrate 37, a diacetylene having a 
terminal -C≡CH bond and a hindered -C≡C-CR3 triple bond. This study was performed 
under two different reactions conditions: a) Under reflux of solvent only the methyl 
ketone was obtained and the internal triple bond was not hydrated at all, affording 38 in 
80 % yield. No other products were detected by NMR or GC, which demonstrates 
achemoselective discrimination. b) Under microwave conditions substrate 37 was 
completely converted; a 62% of the substrate was dihydrated and formed the 1,5-
dicarbonylic compound 39, which lost the alcohol group. The reaction also afforded the 
monohydrated product 38, in a 36% yield. In this case an unexpected regioselective 
hydration of the internal alkyne was observed, and a 1,5-dicarbonyl compound was 
obtained instead of a 1,6-diketone, which is the product expected from the usual 
hydration mechanism, due to the insertion of the Hg-ligand entity on the less acetylenic 
carbon (Scheme 2).[14], [15] 
 
The explanation for this result could be based on the fact that the hydration of the 
terminal alkyne is faster than that of the internal one, thus the product 38 is obtained as a 
reaction intermediate, then in a second step a 1,5-dicarbonyl compound 39 is formed 
instead of the 1,6-diketone by the anchimeric assistance of the initially formed carbonyl 
group, according to a mechanism previously reported[16] (Scheme 2). 
 
The general reaction mechanism proposed (Scheme 3) consists on a catalytic cycle.[17] 
The first step is the coordination of Hg(II) to the triple bond (I) followed by the addition 
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of water to the carbon that supports better the partial positive charge (II), avoiding 
interactions of the R group with the Hg-ligand entity. 
 
Then the β-hydroxyethynyl-mercury intermediate (III) is formed, which after a proton 
exchange forms the oxonium cation (IV). Intermediate (IV) could afford the α-
mercuriated carbonyl compound (V) that has been characterized by X-ray diffraction 
analysis in previous studies.[14] 
 
3. CONCLUSIONS 
We may conclude that we have developed a catalytic method to hydrate terminal and 
internal triple bonds under mild and neutral conditions. The hydration reaction with 
mercury(II) p-toluensulfonamidate does not cleave the acid sensitive groups: 
dimethoxyacetal, benzyl, and propargylicmethoxymethylmethoxy and ethoxy groups. 
The reaction conditions are compatible with a wide variety of other functional groups as 
azides, alcohols, nitriles, esters, ketones or terminal double bonds. These neutral 
conditions also avoid epimerization of enolizable substrates. This catalytic approach and 
the recovery of the insoluble mercury byproducts by filtration or centrifugation 
considerably minimize the environmental and safety impacts of the process. 
 
Last but not least, this methodology is also an alternative much more economic[13] than 
other hydration reactions of C≡C triple bonds. Further efforts are under way in our 
laboratory to study the reaction under conditions very different from that reported here 
and using much lower amounts of catalysts. 
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4. EXPERIMENTAL SECTION 
4.1. General Procedures 
NMR-spectra were recorded on a Varian Inova 300 and/or a Mercury 400 apparatus. 
Chemical shifts (δ) are expressed in ppm versus tetramethylsilane as an internal standard. 
IR spectra were recorded on a NICOLET 6700 FT-IR by film, KBr pellet or ATR 
(Attenuated Total Reflectance) methods. Mass spectrometry was performed on a 
Hewlett-Packard 5890 apparatus, generally under a CI (Chemical Ionization) method by 
using NH3 or CH4 or by direct insertion under Electron Impact a 70eV and 150 ºC. The 
elemental analyses were obtained in a FISONS Elemental Analyzer, Model Na-1500. The 
samples were previously pyrolized at 1000ºC under oxygen atmosphere and the content 
of carbon and hydrogen was determined by evaluation of the combustion gases by gas 
chromatography using a FID detector. All solvents were dried according to standard 
procedures and distilled prior to use. All other major chemicals were obtained from 
commercial sources and used without further purification. Gas chromatography was 
perfomed by using a Shimatzu AOC-20i apparatus with a capilary column HP-5 
Crosslinked 5%Ph-Me-Siloxane(L =30 m, φi = 0.32 mm, Film Thickness = 0.25 µm) 
under the following experimental conditions: Ti= 35 ºC, ti= 1 min, Rate= 5ºC/min, Tf= 
250 ºC, tf= 5 min, split 1:100; gas brands and preasures are: He = 5.5 bar (Linde, Helio 
5.0), Air= 3 bar (Linde, Aire Sintético), H2= 3 bar (Linde, H2 5.0). 
 
4.2. Preparation Of  Catalyst: 
4.2.1. Preparation Of P-Toluensulfonamide 
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Commercial tosyl chloride (117.73 g, 0.61 mol) dissolved in acetonitrile (590 mL) was 
slowly added to a magnetically stirred solution of ammonium hydroxide (197 mL, 3.09 
mol) under Ar atmosphere. The reaction mixture was stirred for 30 min. After completion 
of the reaction, the excess of ammonium hydroxide was neutralized by using 
concentrated HCl. Then, the solvent was evaporated and a white solid formed. The solid 
was washed with water (to remove NH4Cl) and dried under vacuum affording pure 
product as white solid (87.78 g, 83%): MP: 137-138 ºC (EtOH). 1H NMR (300 MHz, 
CDCl3) δ ppm: 7.82 (d, J=8.1 Hz, 2H, H2, H6), 7.32 (d, J=8.1 Hz, 2H, H3, H5), 4.72 (br 
s, 2H, H1’), 2.44 (s, 3H, H7).13C NMR (100 MHz, CDCl3) δ ppm: 143.71 (C4), 139.03 
(C1), 129.70 (C3,C5), 126.44 (C2,C6), 21.51 (C7). IR (KBr) ν: 3329 (N-H, st), 3232 (N-
H, st), 3017 (Csp2-H, st), 2919 (Csp3-H, st), 1911-1793 (comb), 1588 (N-H, δ), 1322 
(S=O, st as), 1015 cm-1. MS [DIP-EI, 70 eV, 150 ºC, m/z (%)]: 171 (M+, 40), 169 (M+-H, 
10), 156 (M+-Me, 16), 155 (M+-NH2, 50), 91 (M+-SO2NH2, 100), 65 (43). HRMS: Calcd. 
For C7H9NO2S 171.03540. Found: 171.03536. 
 
4.2.2. Preparation Of Mercury(II) P-Toluensulfonamidate 
p-Toluensulfonamide (29.66 g, 173.2 mmol) and HgO (18.28 g, 83.1 mmol) were 
grounded together in a mortar to get a very fine and homogeneous powder. The mixture 
was placed in a crucible and warmed up to 200ºC in an oven for 1.5 h.  The mixture was 
stirred with a glass bar every 15 min. Once the orange color of HgO disappears the 
reaction is complete. The crucible was cooled down to room temperature and the solid 
was transferred to a round-bottomed flask fitted with a reflux condenser. EtOH (150 mL) 
was added and the solution was refluxed for 30 min. to dissolve unreacted p-
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toluensulfonamide excess, then, the mixture was filtered when hot. After lixiviation the 
resulting residue was dried in a desiccator containing phosphorus pentoxide for 1 day to 
obtain pure productas a white solid (36.12 g, 89%). MP: 249.8-250.7 ºC (in closed 
capillary tube, previously purged with Ar).IR (KBr): 3307 (N-H, st), 3036-3024 (Csp2-H, 
st), 2978 (Csp3-H, st), 1910-1652 (comb),  1276 (S=O, st, as), 1139 (S=O, st, sym), 945 
(S-O, st), 812 cm-1.1H NMR (400 MHz, DMSO-d6) δ ppm: 7.68 (d, J = 8.0 Hz, 4H; H2, 
H6, H2‘, H6‘), 7.34 (d, J=8.0 Hz, 4H; H3, H5, H3‘, H5‘), 2.35 (s, 6H, H7 and H7‘).EA. 
Calcd. for C14H16HgN2O4S2: C, 31.08; H, 2.98; N, 5.18; S, 11.85 %. Found : C, 31.11; H, 
3.01; N, 5.15; S, 11.83 %. 
 
4.3. Hydration Procedures: 
4.3.1. Procedure For The Hydration Reaction With Mercury(II) P-
Toluensulfonamidateunder Stoichiometric Conditions 
To a stirred suspension of mercury(II) p-toluensulfonamidate (892 mg, 1.65 mmol) in a 
mixture of MeOH:H2O (85:15) (30 mL) under Ar atmosphere, methyl hept-6-ynoate (17) 
(178 mg, 1.27 mmol) was added in the same solvent system (5 mL). The mixture was 
warmed up to reflux of solvent and stirred for 13 h. 
 
4.3.2. Procedure For The Hydration Reaction With Mercury(II) P-
Toluensulfonamidate Under Catalytic Conditions. 
To a stirred solution of mercury(II) p-toluensulfonamidate (16.4 mg, 0.03 mmol) in a 
mixture of MeOH:H2O (85:15) (20 mL) under Ar atmosphere and warmed up to reflux, 
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11-chloroundec-1-yne (21) (51 mg, 0.28 mmol) was added in the same solvent system (5 
mL). The mixture was stirred under reflux of solvent for 20 h. 
 
4.4. Work-Up Procedures: 
4.4.1. Usual Work-Up Procedure For Isolation Of Low-Boiling Point Products 
To a stirred solution of mercury(II) p-toluensulfonamidate (225 mg, 0.42 mmol) in a 
mixture of MeOH:H2O (85:15) (50 mL), 1-heptyne (13) (200 mg, 2.08 mmol) was added 
in the same solvent system (10 mL), under Ar atmosphere, and the mixture was warmed 
up to reflux of solvent and stirred under these conditions for 14 h. After completion of the 
reaction (control by TLC, CG), the mixture was cooled down to room temperature and 
the mercury(II) catalyst precipitated with an aqueous 10% (w/w) solution of (NH4)2S (0.6 
mL). The precipitate of HgS was removed by centrifugation. Then, the mother liquor was 
extracted with n-pentane (x6), the organic layers were combined together, dried over 
MgSO4 and filtered. Pentane was removed by slow simple distillation at atmospheric 
pressure, using a Vigreux column, affording pure product (14)(186.2 mg, 78%). 
 
4.4.2. Usual Work-Up For High-Boiling Products 
To a stirred solution of mercury(II) p-toluensulfonamidate (74.4 mg, 0.14 mmol) in a 
mixture of MeOH:H2O (85:15) (40 mL) 5-hexynenitrile (19) (165 mg, 1.72 mmol) was 
added in the same solvent system (6 mL), under Ar atmosphere, and the mixture was 
warmed up to reflux of solvent and stirred under these conditions for 21 h. After 
completion of the reaction (control by TLC, CG), the crude mixture was cooled down to 
room temperature and an aqueous 10% (w/w) solution of (NH4)2S (0.2 mL) was added. 
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The resulting mixture was filtered through a short column of silica gel and alumina (1:1) 
to remove HgS, which at the end is collected and processed properly. The hydro-
alcoholic solution was concentrated in order to remove alcohol (MeOH or EtOH) and the 
resulting residue dissolved in Et2O. The ethereal solution was extracted with NaOH (2 M) 
(x3). The aqueous layers were combined and extracted again with diethyl ether. The 
organic layers were combined together, extracted with brine, dried over MgSO4, filtered 
and concentrated to dryness. The crude product was then submitted to a flash column 
chromatography on silica gel, eluting with mixtures of hexane  and ethyl acetate (or 
diethyl ether) of increasing polarity, obtaining  with H/AcOEt 50:50 pure product (20) 
(178.4 mg, 93.3%). 
 
6. SUPPORTING INFORMATION: 
Synthetic procedures for theacetylenic substrates and complete spectroscopic 
characterization of acetylenes and their hydration products are included in the 
Supplementary Material (S1), available online. In addition, copies of 1H NMR, 13C NMR 
and IR spectra of acetylenic substrates and hydration products are included also as 
Supplementary Material (S2) and are available in the Web page of this journal. 
 
5. ACKNOWLEDGMENTS  
We thank the financial support from the Spanish Ministry of Science and Innovation 
(Project CTQ-2007-64843).  
 
7. REFERENCES 
D
ow
nl
oa
de
d 
by
 [U
niv
ers
ity
 of
 B
arc
elo
na
] a
t 0
7:5
1 2
2 J
an
ua
ry
 20
13
 
ACCEPTED MANUSCRIPT 
ACCEPTED MANUSCRIPT 
13
1. (a) Alonso,  F.; Beletskaya, I. P.; Yus, M. Transition-metal-catalyzed addition of 
heteroatom-hydrogen bonds to alkynes. Chem. Rev.,2004, 104, 3079-3159. (b) 
Hintermann, L.; Labonne, A.Catalytic hydration of alkynes and its application in 
synthesis. Synthesis,2007, 8, 1121-1150.  
2.  (a) Kutscheroff, M. UebereineneueMethodedirekter Addition von Wasser 
(Hydratation) an die Kohlenwasserstoffe der Acetylenreihe. Chem. Ber.,1881, 14, 1540-
1542. (b) Hennion, G. F. Catalytic hydration of alkylacetylenes. J. Am. Chem. 
Soc.,1938,60, 718-720. (c) Bassetti, M.; Floris, B. Metalation of alkynes: effect of alkyne 
structure on the rate of acetoxymercuration. J. Org. Chem.,1986, 51, 4140-4143. 
3.  Nishizawa, M.; Imagawa, H.; Yamamoto, H. A new catalyst for organic synthesis: 
mercuric triflate. Org. Biomol. Chem.,2010,8, 511-521. 
4. Nishizawa, M.; Skwarczynski, M.; Imagawa, H.; Sugihara, T. Mercuric triflate-TMU 
catalyzed hydration of terminal alkyne to give methyl ketone under mild conditions. 
Chem. Lett.,2002, 1, 12-13. 
5. Mizushima, E.; Sato, K.; Hayashi, T.; Tanaka, M. Au(I)-catalyzed hydration of 
alkynes: 2,8-nonanedione. Org. Synth.,2006,  83, 55-60. 
6. Fukuda, Y.; Utimoto, K.Effective transformation of unactivated alkynes into ketones 
or acetals with a gold(III) catalyst. J. Org. Chem.,1991,56, 3729-3731. 
7.  Hartman, J. W.; Hiscox, W. C.; Jennings, P. W. Catalytic hydration of alkynes with 
platinum(II) complexes. J. Org. Chem.,1993, 58, 7613-7614. 
8. Arcadi, A.; Cacchi, S.; Marinelli, F. The conversion of vinyl triflates into γ'-hydroxy-
α,β-enones. Tetrahedron, 1993, 49(22), 4955-4964. 
D
ow
nl
oa
de
d 
by
 [U
niv
ers
ity
 of
 B
arc
elo
na
] a
t 0
7:5
1 2
2 J
an
ua
ry
 20
13
 
ACCEPTED MANUSCRIPT 
ACCEPTED MANUSCRIPT 
14
9. Setty-Fichman, M.; Sasson, Y.; Blum, J. Double bond migration, cyclohexadiene 
disproportionation and alkyne hydration by Dowex-1-RhCl3 ion pair catalysts. J. Mol. 
Catal. A: Chem., 1997, 126, 27-36. 
10. (a) Boeck, F.; Kribber, T.; Xiao, L.; Hintermann, L.Mixed Phosphane η5-
CpRuCl(PR3)2 Complexes as Ambifunctional Catalysts for Anti-Markovnikov Hydration 
of Terminal Alkynes. J. Am. Chem. Soc., 2011, 133(21), 8138-8141.( b) Hintermann, L.; 
Dang, T.; Labonne, A.; Kribber, T.; Xiao, L.; Naumov, P. The azaryphos family of 
ligands for ambifunctional catalysis: syntheses and use in Ruthenium-catalyzed anti-
Markovnikov hydration of terminal alkynes. Chem. Eur. J.,2009, 15(29), 7167-7179. (c) 
Grotjahn, D. B.; Incarvito, C. D.; Rheingold, A. L. Combined effects of metal and ligand 
capable of accepting a proton or hydrogen bond catalyze anti-Markovnikov hydration of 
terminal alkynes. Angew. Chem., Int. Ed. Engl.,2001, 40(20), 3884. 
11. (a) Goldberg, M. W.; Aeschbacher, R.; Hardegger, E. ÜberSteroide und 
Sexualhormone. (84. Mitteilung). 17 α-Oxy-20-keto-Verbindungen der Pregnen- und der 
Allo-pregnan-Reihe. Helv. Chim. Acta,1943, 26(2), 680-686. (b) Goldberg, M. W.; 
Aeschbacher, R. ÜberSteroide und Sexualhormone. (56. Mitteilung). Überführung von 
∆5-17-Äthinyl-androstendiol-(3,17) in Progesteron. Helv. Chim. Acta, 1939,22(1), 1185–
1188. 
12. (a) Montaña, A. M.; Nicholas, K. M. Cobalt-mediated synthesis of a versatile 
pseudoguaianolide intermediate. J. Org. Chem.,1990, 55(5), 1569-1578. (b) Montaña, A. 
M.; Ponzano, S.; Kociok-Köhn, G.; Font-Bardia, M.; Solans, X. Versatile methodology to 
synthesize oxygen-bridged nine- and ten-membered cycloalkanes by the hypoiodite 
reaction. Eur. J. Org. Chem.,2007, 4383-4401. (c) Montaña, A. M.; Fernandez, D. 
D
ow
nl
oa
de
d 
by
 [U
niv
ers
ity
 of
 B
arc
elo
na
] a
t 0
7:5
1 2
2 J
an
ua
ry
 20
13
 
ACCEPTED MANUSCRIPT 
ACCEPTED MANUSCRIPT 
15
Enantioselective synthesis of trans-fused bicyclo[5.3.0]decane systems via a tandem 
[4+3] cycloaddition-Nicholas reaction. Tetrahedron Lett.,1999, 40(35), 6499-6502. (d) 
Montaña, A. M.; Fernandez, D.; Pagès, R.; Filippou, A. C.; Kociok-Köhn, G. 
Enantioselective synthetic methodology to prepare trans-fused bicyclo[5.3.0]decane 
systems: an approach to the synthesis of the pseudoguaiane carbon framework. 
Tetrahedron, 2000, 56(3), 425–439. 
13. Preparation of mercury(II) p-toluensulfonamidate is 6 times cheaper than 
Hg(OTf)2·TMU and, approximately, 100 times lower in cost than Au(I) or Au(III) 
catalysts. 
14.  Paquette, L. A.; Bolin, D. G.; Stepanian, M.; Branan, B. M.; Mallavadhani, U. V.; 
Tae, J.; Eisenberg, S. W. E.; Rogers, R. D. Intramolecular oxymercuration of 
stereoisomeric cyclohexyl-belted poly(spirotetrahydrofuranyl) platforms. J. Am. Chem. 
Soc.,1998, 120, 11603-11615. 
15. Bach, R. D.; Woodard, R. A.; Anderson, T. J.; Glick, M. D.Stereochemistry of the 
acetoxymercuration of alkynes. A synthesis of vinyl acetates. J. Org. Chem.,1982, 47, 
3707-3712.  
16. Stork, G.; Borch, R. A New Synthesis of 1,4- and 1,5-Diketones. J. Am. Chem. 
Soc.,1964, 86, 935-936. 
17. Barluenga, J.; Aznar, F.; Liz, R.; Rodes, R. Alkynylmercury chloride or acetate as 
intermediates in the mercury(II) salt promoted addition of aliphatic and aromatic amines 
to terminas acetylenes. J. Chem. Soc.,Perkin Trans. 1,1983, 1087. 
 
 
D
ow
nl
oa
de
d 
by
 [U
niv
ers
ity
 of
 B
arc
elo
na
] a
t 0
7:5
1 2
2 J
an
ua
ry
 20
13
 
ACCEPTED MANUSCRIPT 
ACCEPTED MANUSCRIPT 
16
Table 1. Hydration of terminal alkynes of 1,7-epoxycyclononane substrates with 
Hg(TsNH)2 under stoichiometric conditions (1:1.3 eq.).  
 
Entry R 
group 
Substrate Time 
(h) 
Product Yield 
 (%)[a], [b], 
[c] 
1 OBn 1 24 2 92-100 
2 OMe 3 23 4 85 
3 OEt 5 18 6 85 
4 OMEM 7 24 8 98 
5 H 9 24 10 85 
[a] Isolated yields. [b] The reaction yields are quantitative by NMR or GC (using internal 
standard). [c] Conversion in all cases is 100%. 
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Table 2. Chemoselective hydration of alkynes having different functional groups, by 
using catalytic amounts of Hg(TsNH)2 . 
Entr
y 
Substrate Conditions Product Eq. 
 
Hg(TsNH)2 
(mmol/mmo
l of 
substrate)   
Conversio
n 
 (%) 
Yield 
 
(%)[c],[d],[e
] 
Ref
. 
1 
 
MeOH/H2
O 
Reflux, 20 
h 
 
0.10 100 80 [e] [a]
2  MeOH/H2
O 
Reflux, 14 
h 
 
0.20 100 78 [e] [a] 
3  MeOH/H2
O 
Reflux, 39 
h 
 
0.17 100 82 [e] [a] 
4 
 
MeOH/H2
O 
Reflux, 22 
0.11 100 98 [a] 
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h 
5  MeOH/H2
O 
Reflux, 21 
h 
 
0.08 100 93 [a] 
6  MeOH/H2
O 
Reflux, 20 
h 
 0.11 100 88 
[b]
7  EtOH/H2O 
Reflux, 66 
h 
 0.10 100 80 
[b] 
8 
 
MeOH/H2
O 
Reflux, 48 
h 
0.21 100 85 [b] 
9  EtOH/H2O 
Reflux, 24 
h 
0.20 100 80 [b] 
10  MeOH/H2
O 
Reflux, 38 
h 
 0.20 100 93 
[b] 
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[a] Commercially available substrates.  [b] Synthesized substrates. [c] Isolated yields (by 
column chromatography). [d] The reaction yields are quantitative by NMR and GC 
(using internal standard). [e] The reactions have been performed several times at different 
scales (20-300 mg), showing robustness. However, it has been observed a loss of mass in 
the case of low boiling products during work-up, especially for those products that form 
azeotropes with the solvents. Alternative isolation procedures for these products are 
described in the experimental section. 
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Table 3. Chemoselective hydration catalyzed by Hg(TsNH)2 of dialkynes having two 
differently hindered C≡C bonds. 
Entry Substrate Conditions Product 1 Product 2 Eq. 
Hg(TsNH)2 
Conversion
(%) 
Yield
(%)[c]
Ref.
1 
 
EtOH/H2O 
Reflux, 16 h 
 
1:1 
0.2 100 95 [b] 
2 
 
MeOH/H2O 
Reflux, 24 h 
- - 1.3 0 - [a] 
3  MeOH/H2O, 
microwave, 
130ºC, 8 
bar, 27 h 
 
 
1:6 
0.2 96 93 [a] 
4 
 
MeOH/H2O 
Reflux, 24 h 
 
- 0.2 82 80 [b] 
5 
 
MeOH/H2O, 
microwave, 
130ºC, 8 
bar, 20 h 
1: 1.7 
0.2 100 98 [b] 
[a] Commercially available substrates.  [b] Synthesized substrates. [c] Isolated yields (by 
column chromatography). 
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Scheme 1. General overview of the alkyne hydration with mercury(II) p-
toluensulfonamidate under mild and neutral conditions. 
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Scheme 2. Proposed mechanism for the regioselective formation of 1,5-diketones by 
anchimeric assistance of the initially formed carbonyl group. 
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Scheme 3. Proposal of a catalytic cycle for the hydration process. 
 
D
ow
nl
oa
de
d 
by
 [U
niv
ers
ity
 of
 B
arc
elo
na
] a
t 0
7:5
1 2
2 J
an
ua
ry
 20
13
 
